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THIS  REPORT  WAS  PREPARED  PURSUANT  TO  THE  FEDERAL  RECLAMATION  LAWS  (ACT  OF 
JUNE  17,   1902,  AND  ACTS  AMENDATORY  THEREOF  OR  SUPPLEMENTARY  THERETO)  AND 
THE  FLOOD  CONTROL  ACT  OF  1944  WHICH  WAS  SUPPLEMENTED  AND  EXTENDED  BY  THE 
FLOOD  CONTROL  ACT  OF  1946  AND  LATER  ACTS.     PUBLICATION  OF  THE  FINDINGS  AND 
RECOMMENDATIONS  HEREIN  SHOULD  NOT  BE  CONSTRUED  AS  REPRESENTING  EITHER  THE 
APPROVAL  OR  DISAPPROVAL  OF  THE  SECRETARY  OF  THE  INTERIOR.     THE  PURPOSE  OF 
THIS  REPORT  IS  TO  PROVIDE  INFORMATION  AND  ALTERNATIVES  FOR  FURTHER 
CONSIDERATION  BY  THE  BUREAU  OF  RECLAMATION,  THE  SECRETARY  OF  THE  INTERIOR, 
OTHER  FEDERAL  AGENCIES,   STATE  AGENCIES,  AND  ORGANIZATIONS. 


In  May  of  1981,  the  Secretary  of  the  Interior  ap- 
proved changing  the  Water  and  Power  Resources 
Service  back  to  its  former  name,  the  Bureau  of 
Reclamation.  All  references  in  this  publication  to 
the  Water  and  Power  Resources  Service  should  be 
considered  synonymous  with  the  Bureau  of 
Reclamation. 


YELLOWTAIL  AFTERBAY  POWERPLANT 
Appraisal  Report 


Yellowtail  Unit 
Lower  Bighorn  Division 
Pick-Sloan  Missouri  Basin  Program 
Montana 


U.S.  Department  of  Interior 
Bureau  of  Reclamation 
Upper  Missouri  Region 
Billings ,  Montana 

September  1981 


1 


Digitized  by  the  Internet  Archive 
in  2014 


https://archive.org/details/yellowtailafterb1981unit 


BUREAU    OF  RECLAMATION 

R  KEITH  HIGCINSON,  COMMISSIONER 

NATIONAL    PARK  SERVICE 

WILLIAM  J.  WHALE  N  ,  OIRECTOR 


PICK-SLOAN   MISSOURI    BASIN  PROGRAM 

YELLOW  TA I  L  UNIT 

MONTANA  -  WYO  M I NG 

(U  M  REGION) 
MAP  NO.  459-600-151 


OCTOBER  1979 


FACTUAL  DATA  ON  THE  YELLOWTAIL  UNIT 


WATER  SUPPLY 

Yellowtail  Dam  in  situated  a(  the  mouth  of  the 
Bighorn  Canyon  and  impounds  the  water  of  the 
Bighorn  River.  The  dam  is  used  to  regulate  stream 
flow  for  power  generation,  municipal  and  industrial 
use,  irrigation,  flood  control,  sediment  retention, 
recreation,  and  fish  and  wildlife  enhancement.  The 
headwaters  of  the  Bighorn  River  originate  in  the 
high  mountains  of  the  Wind,  Bighorn,  and  Ahsaroka 
Ranges.  The  more  prominent  tributaries  of  the  river 
are  the  Shoshone.  Grcybull,  and  Wind  Rivers  which 
drain  the  rust  slope t»f  the  Ahsaroka  Ranges,  and  the 
Nowood  River  and  Shell  Creek  which  drain  the 
west  slope  of  the  Bighorn  Mountains.  Average 
annual  inflow  to  Bighorn  Lake  is  2,300,000  acre- 
feel.  Historic  flows  were  a  minimum  of  1,235,000 
aerc-feet  in  1961  with  a  maximum  of  1,079,000  acre- 
feet  in  192-1.  Most  of  the  runoff  is  from  snowmelt 
during  the  months  of  June  and  July.  The  river 
drains  an  area  above  the  dam  of  approximately 
19,620  square  miles. 

PROJECT  FEATURES 

Bighorn  Lake,  formed  by  Yellowtail  Dam,  has  a 
total  capacity  of  1,375,000  acre-feet  and  an  active 
capacity  of  872,500  acre-feet.  At  elevation  3657  feet 
(top  of  flood  control  pool),  the  reservoir  has  a 
surface  area  of  1 7.300  acres  and  a  length  of  7 1  miles. 

Yellowtail  Dam  is  a  concrete  thin-arch  structure 
with  a  height  of  525  feet,  a  crest  length  of  1 ,480  feet, 
and  a  volume  of  1,546,000  cubic  yards  of  concrete. 
Construction  of  (be  dam  was  begun  in  May  1961  and 
it  was  completed  in  1966. 

The  spillway  consists  of  an  unlined  inlet  channel, 
an  intake  structure  controlled  by  two  25-foot-wide 
by  64.4-foot-high  radial  gates,  a  concrete  lined 
tunnel  transistion,  a  concrete-lined  tunnel  which 
varies  in  diameter  from  40.6  to  32  feet,  and  a  stilling 
basin.  Discharge  capacity  for  I  he  spillway  is  92,000 
cubic  feet  per  second  at  maximum  water  surface 
elevation  3.660  feet. 

The  outlet  works  for  river  regulation  and  irriga- 
tion releases  consists  of  two  K4-inch-diameter 
outlet  pipes  which  are  controlled  by  84-inch  ring 
follower  gates.  Both  outlets  discbarge  into  a  stilling 
basin  at  the  right  of  the  powerplanl  at  the  toe  of  the 
dam. 

Two  hundred  eighty-three  feet  of  steel-lined 
tunnel  intake  and  200  feet  of  concrete-lined  tunnel, 
both  i)1,-;  feet  in  diameter,  were  provided  in  the  left 
nbutmenl  as  a  beginning  for  the  Grapevine  Tunnel. 
A  gute  frame  was  provided  fin-  later  installation  of  a 
7.86-foot  by  15.03-foot  fixed-wheel  gate.  The  com- 
plete Grapevine  Tunnel  will  he  constructed  as  a 
future  feature  of  the  Hardin  DnJt. 

Yellowtail  Afterbay  Dam.  2.2  miles  downstream 
from  Yellowtail  Dam,  is  a  72-foot-high  concrete 
gravity  structure  with  earthen  embankment  wings. 
The  afterbay  dam  has  a  crest  Ungthof  1 ,360  feet  and 
a  volume  of  21.600  cubic  yards  of  concrete  and 
182,000  cubic  yards  of  earth  material  and  riprap. 

Yellowtail  Afterbay  Reservoir  has  a  capacity  of 
3,150  acre-feel.  It  is  used  to  regulate  the  peaking 
power  discharges  from  Yellowtail  Powerplant  to 
provide  uniform  flows  into  the  Bighorn  River. 


The  afterbay  dam  spillway  structure  consists  of 
an  ogee  crest  controlled  by  five  30-foot  by  13.5-foot 
radial  gates.  The  sluiceway  is  controlled  by  three 
120-inch  by  96-inch  slide  gates  with  automatic 
controls. 

The  hcadworks  for  the  existing  Bighorn  Canal 
(located  in  the  right  side  of  (he  afterbay  dam)  are 
automat  ically  controlled  by  two  1 20- inch  hv 
96-inch  slide  gates.  Diversion  capacity  for  the  canal 
ht-ad works  is  750  cubic  feet  per  second. 


POWER 

The  Yellowtail  Powerplant,  located  at  the  toe  of 
the  dam,  houses  four  62,500-kilowatt  generating 
units,  each  driven  hy  a  87,500-horse  power  turbine. 
Water  to  drive  the  turbines  is  supplied  to  the  Cnits 
through  four  12-foot-diameter  penstocks  through 
the  dam.  Power  generation  began  in  late  1966. 

The  switchyard  is  located  09  the  east  rim  of  the 
canyon,  above  the  dam.  The  output  of  the 
powerplant  is  approximately  one  billion  kilowatt- 
hours  annually  and  is  marketed  under  the  Pick- 
Sloan  Missouri  Basin  Program.  Power  is 
transmitted  from  the  plant  to  the  switchyard  at  230 
kV  and  115  kV  over  two  1 ,800-foot-long  un- 
derground, oil-filled,  high-pressure  pipes  enclosing 
insulated  cubles.  This  unique  system  was  designed 
to  preserve  the  natural  uppearuncc  of  the  Bighorn 
Canyon. 

RECREATION 

Numerous  recreational  activities  are  available 
throughout  the  71-mile-long  Bighorn  Lake.  Sur- 
rounding the  reservoir  are  the  Bighorn  Mountains 
to  the  east  and  the  Pry  or  Mountains  to  the  west  with 
upland  prairie  between.  Through  this  prairie,  the 
Bighorn  River  has  carved  a  narrow  and  precipitous 
gorge,  dropping  in  some  cases  nearly  2,000  feet 
from  the  prairie  to  the  reservoir.  Deer,  elk,  game 
birds,  and  water-fowl  abound  within  the  area. 
Spectacular  scenery  of  thecolorful  canyon  serves  as 
a  backdrop  for  the  reservoir  waters.  Part  of  the 
re^rvoir  is  located  in  the  Crow  Indian  Reservation, 
rich  in  Indian  history. 

Water-related  activities  constitute  the  basic- 
recreation  attraction.  Kishing  has  proven  popular 
in  Bighorn  Lake  and  Afterbay  Reservoir.  Other 
activities  on  the  surrounding  terrain  include 
camping,  picnicking,  hiking,  riding,  scenic  drives, 
points  of  historic  and  archaeological  interest,  tours 
of  Yellowtail  Dam  itself,  bird  and  wildlife  watching, 
hunting,  and  geological  interests  including  nearby 
ice  caves.  Recreational  facilities  in  the  area  which 
provide  fish  ing,  boating,  camping,  and  ot  her  ac- 
tivities, are  located  at  the  Afterbay,  OK-A-BKH, 
Barry's  Landing.  Frozen  Leg  Bay,  Horseshoe  Bend, 
and  Kane  Bridge. 

A  visitor  center  near  the  dam  provides  parking 
ureas,  rest  facilities,  and  public  information,  in- 
cluding exhibits  related  to  the  dam  construction, 
historical  displays,  and  audiovisual  presentations 
of  areas  of  interest.  Some  120,000  acres  have  been 
established  as  the  Bighorn  Canyon  National 
Recreation  Area. 


IRRIGATION 

Bighorn  Lake  provides  a  potential  high  elevation 
gravity  flow  diversion  for  the  future  irrigation  of 
the  43,550-acre  Hardin  Unit,  now  primarily 
dryfarmed.  The  unit  lies  largely  in  a  strip  of  land 
varying  from  2  to  3  miles  wide  and  40  mites  lontf. 
The  strip  begins  about  1' •  miles  below  Yellowtail 
Dam  and  extends  downstream  along  the  west  side  of 
the  Bighorn  River.  Regulated  water  flow  would  also 
be  provided  for  irrigation  of  about  27.000  acres  of 
land  along  the  downstream  of  the  Yellowstone 
River  which  could  be  served  under  10  individual 
project  pumping  sites. 

INDUSTRIAL 

Bighorn  Lake  could  supply  water  to  industry  for 
use  in  developing  coal  fields  in  southeastern  Mon- 
tana and  northeastern  Wyoming. 

FLOOD  CONTROL 

Reservoir  storage  reduces  the  annual  threat  of 
damage  to  homes  and  property  downstream  of  the 
dam.  A  total  volume  of 509,000  acre-feet  is  available 
for  controlling  flood  inflows.  The  top  259,000  acre- 
feet,  or  1  7  feet  between  elevation  3657  and  3640,  is 
reserved  exclusively  for  flood  control.  The  next 
250,000  acre-feet,  or  26  feet  between  elevation  3640 
and  3614,  is  used  jointly  for  flood  control  and 
conservation  purposes.  All  floods  below  the 
magnituiie  of  a  1  00-year  occurrence  can  be  con- 
trolled to  about  20.000  ft  Vs  release  to  the  river,  the 
approximate  river  channel  capacity. 


United  States  Department  of  the  Interior 

BUREAU  OF  RECLAMATION 
Upper  Missouri  Region 

P.O.  Box  2553 
Billings,  Montana  59103 

Memorandum 

To:  Commissioner 
Acting 

From:  Regional  Director,  Billings,  Montana 

Subject:     Yellowtail  Afterbay  Powerplant  Appraisal  Report,  Yellowtail  Unit, 
Montana 

An  appraisal- level  study  was  made  to  investigate  the  potential  for  power 
generation  at  the  existing  Yellowtail  Afterbay  Dam.     The  study  results 
show  that  a  powerplant  is  economically  feasible  and  warrants  feasibility- 
level  investigations. 

SUMMARY 
General 

Yellowtail  Afterbay  Dam  is  a  concrete  gravity  structure  with  earthen 
embankment  wings,  located  3.5  kilometers  (2.2  miles)  downstream  of 
Yellowtail  Dam  and  Powerplant.     The  Afterbay  Dam  regulates  the  flow  into 
the  Bighorn  River.     The  principal  purposes  of  the  Yellowtail  Dam  include 
irrigation,  flood  control,  power  generation,  recreation,  and  fish  and 
wildlife.     A  250-MW  peaking  powerplant  is  located  at  the  toe  of  Yellowtail 
Dam.     (See  location  map  459-600-151.) 

Plan 

The  proposed  powerplant  would  be  located  in  the  left  earthen  embankment 
of  the  Yellowtail  Afterbay  Dam.     Construction  would  require  excavation 
of  part  of  the  left  embankment  of  the  Afterbay  Dam  and  placement  of 
cofferdams  both  above  and  below  the  Afterbay  Dam.     A  4-kilometer  (2.5-mile) 
underground  transmission  line  would  extend  from  the  powerplant  to  the 
existing  Yellowtail  switchyard. 


IN  REPLY 
REFER  TO: 


Summary  -  i 


The  proposed  Yellowtail  Afterbay  Powerplant  would  be  a  run-of-the- river   - 

plant  using  flows  which  are  released  from  the  dam  for  other  purposes; 
no  reservoir  storage  would  be  used  for  power  generation. 

Single-unit  powerplants  ranging  in  size  from  8  to  12  megawatts  were 
analyzed.     January  1980  costs  and  a  7-1/8  percent  interest  rate  were 
used.     Power  benefits  for  capacity  and  generation  were  obtained  from  the 
Federal  Energy  Regulatory  Commission  (FERC)  for  the  Mid-Continental  Area 
Reliability  Coordination  Agreement  (MARCA)  Area. 

The  8.0-megawatt  powerplant  returns  the  maximum  net  annual  benefits, 
$286,000.     The  12. 0-megawatt  powerplant  has  the  highest  annual  generation 
of  59.5  gigawatt -hours ,  equivalent  to  141  000  barrels  of  oil,  5.960  x  10 
BTU's,  or  32  870  short  tons  of  western  coal.     Because  the  additional 
power  would  generally  occur  during  peak  periods  of  demand,  a  systems 
approach  may  show  a  larger  powerplant  to  be  more  efficient  than  the 
8.0-MW.     Detailed  engineering,  economic,  and  marketing  analysis  at  the 
feasibility  level  can  best  determine  the  most  viable  powerplant  size. 

Environmental  effects  would  be  minimal,  occurring  mostly  during  the 

construction  period.     The  installation  of  a  turbine  in  the  afterbay 

dam  would  relieve  a  nitrogen  supersaturation  problem  which  has  periodically 

killed  some  fish  and  adversely  affected  others.     Social  impacts  should 

also  be  minor.    About  80  people  would  be  working  on  the  powerplant  at 

the  peak  of  construction;  however,  most  are  expected  to  locate  in 

Hardin  or  Billings. 


Jo»eph  B.  Marcoite,  Jr. 


Summary  -  ii 


Yellowtail  Afterbay  Powerplant 
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INTRODUCTION 


Purpose 

The  purpose  of  this  appraisal  study  was  to  determine  the  approximate  size 
and  generation  potential  of  a  run-of-the-river  powerplant  at  the  existing 
Yellowtail  Afterbay  Dam  in  Montana  and  to  determine  if  such  a  powerplant 
merits  further  study. 

Authority 

Authority  for  this  report  is  provided  by  Federal  Reclamation  Laws  (Act  of 
June  14,   1902,  32  Stat.  388,  and  amended  and  supplementary  acts). 
Congressional  authorization  would  be  required  for  a  feasibility  study. 

Previous  and  Related  Investigations 

The  potential  for  a  powerplant  at  the  existing  Yellowtail  Afterbay  Dam 
was  identified  and  recommended  for  further  study  in  the  1977  Western 
Energy  Expansion  Study. 

The  Bureau  of  Reclamation  completed  the  Special  Report  on  Powerplant  at 
Yellowtail  Afterbay  Dam,  Montana,  Yellowtail  Unit,  Pick-Sloan  Missouri 
Basin  Program  in  1978.     This  report  incorporated  many  of  the  findings 
presented  in  the  Western  Energy  Expansion  Study,  and,  in  addition,  made 
way  for  more  detailed  investigations. 

Econ  Inc.  of  Helena,  Montana,  under  contract  to  the  Bureau  of  Reclamation 
monitored  wind  direction  and  velocity  within  the  Yellowtail  Dam  area  for 
a  12-month  period.     These  data  are  being  used  to  estimate  power  generation 
for  a  wind  turbine.     If  adequate  wind  generation  can  be  developed,  the 
integration  of  wind  energy  with  the  hydroenergy  produced  at  Yellowtail  Dam 
and  Afterbay  Dam  may  be  feasible  and  could  enhance  power  production  at 
the  site. 
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SETTING 


Location 

Yellowtail  Dam  is  located  on  the  Bighorn  River  in  south-central  Montana, 
about  69  kilometers  (43  air  miles)  southeast  of  Billings.     Yellowtail  Dam 
was  constructed  during  the  period  1963-1966.     A  250-MW  peaking  powerplant 
is  located  at  the  toe  of  the  dam,  and  Yellowtail  Afterbay  Dam  is  3.5  kilo- 
meters (2.2  miles)  downstream  (see  location  Map  No.  459-600-151).  The 
principal  purposes  of  the  dam  include  irrigation,  flood  control,  power 
generation,  recreation,  and  fish  and  wildlife. 

Yellowtail  Afterbay  Dam  was  constructed  to  smooth  out  fluctuating  discharges 
from  Yellowtail  Powerplant,  provide  reasonably  stable  river  stages  downstream, 
and  supply  the  necessary  water  for  irrigation  requirements  in  Bighorn 
Canal.     It  is  an  earthfill  dam  with  a  concrete  ogee  spillway  section.  The 
earthfill  section  has  a  height  of  9  meters  (31  feet)  above  the  streambed 
and  the  spillway  crest  a  height  of  4.9  meters  (16  feet).     The  gated  spillway 
section  is  49  meters  (162  feet)  along  the  crest  and  the  earthfill  crest 
length  is  354  meters   (1  160  feet). 

The  proposed  powerplant  would  be  located  in  the  left  embankment.  (See 
cover  photo.)    Yellowtail  Afterbay  Reservoir  has  a  capacity  of  3  874  000  cubic 
meters  (3141  acre-feet),  and  provides  a  uniform  flow  into  the  Bighorn  River, 
regulating  the  variable  discharges  from  the  Yellowtail  Powerplant. 

Geology 

The  left  dam  embankment  is  underlain  by  about  3  meters  (9  feet)  of  river 
deposited  sand  and  gravel  over  the  Cretaceous  Thermopolis  Shale.  The 
shale,  which  is  dark  gray,  firm,  and  bentonitic,  breaks  down  rapidly  on 
exposure  to  air.     Previous  drilling,  completed  in  1963  for  the  afterbay  dam 
foundations,  shows  that  the  shale  should  be  encountered  at  about  elevation 
945  meters  (3150  feet)  msl.     Geologic  investigations  will  be  required  if 
additional  studies  are  undertaken. 
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Climate 


The  climate  of  the  Lower  Bighorn  Basin  is  semiarid.     It  is  marked  by  abundant 
sunshine,   low  relative  humidity,  moderate  winds,  wide  seasonal  fluctuations 
in  temperature,  and  generally  low  annual  precipitation. 

Average  annual  precipitation  at  the  station  at  Yellowtail  Dam  was  51.3  centi- 
meters (20.5  inches)  for  the  period  of  record,  1963-1978.     Spring  rains, 
(April,  May,  and  June)  account  for  45  percent  of  this  precipitation.  Fall 
months  are  usually  dry  with  little  snowfall  before  October.     Winter  months 
are  cold  with  moderate  snowfall.     Average  mean  temperature  is  9.8°C  (49.6°F). 

Fishery 

A  rainbow  trout  fishery  in  Yellowtail  Afterbay  Reservoir  is  maintained  by 
a  stocking  program.     After  construction  of  Yellowtail  Dam,  an  excellent 
cold  water  fishery  developed  in  the  Bighorn  River  below  the  Yellowtail 
Afterbay  Dam.     The  fishery  is  maintained  by  a  stocking  program.     There  is 
little  to  no  natural  reproduction  of  rainbow  trout.     However,  the  presence 
of  young-of-the-year  brown  trout  indicates  that  species  is  successfully 
reproducing  in  the  river. 


Bighorn  River  below  Yellowtail  Afterbay  Dam 
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Description  of  River  System 


The  principal  headwater  tributaries  of  the  Bighorn  River  rise  in  the  Wind 
River  Mountains  in  west-central  Wyoming.     These  rivers  join  to  form  the 
Wind  River,  which  flows  northeastward  through  the  Wind  River  Basin  and 
through  a  low  range  of  mountains  by  way  of  the  Wind  River  Canyon  to  the 
Bighorn  Basin.     At  the  mouth  of  the  canyon,  the  Wind  River  becomes  the 
Bighorn  River  in  name  and  flows  northward  through  the  Bighorn  Basin. 
Principal  tributaries  in  this  reach  of  the  river  are  the  Greybull  and 
Shoshone  Rivers.     The  Bighorn  leaves  the  basin  by  way  of  the  deep  Bighorn 
Canyon,  enters  the  Lower  Bighorn  Basin,  and  then  continues  northeastward 
to  join  the  Yellowstone  River  near  Custer,  Montana.     Main-stem  regulation 
is  provided  by  Boysen  Dam  and  Reservoir  on  the  Wind  River  at  the  head  of 
the  Wind  River  Canyon  and  by  Yellowtail  Dam,  Bighorn  Lake,  and  Yellowtail 
Afterbay  Dam  at  the  mouth  of  the  Bighorn  Canyon. 

Social  and  Economic  Characteristics 

Population 

Yellowtail  Afterbay  Dam  is  located  in  Big  Horn  County,  Montana.     The  area 
immediately  downstream  of  the  dam  is  within  the  boundaries  of  the  Crow 

Indian  Reservation,  which  extends  about  60  kilometers  (40  miles)  downstream. 
Between  1950  and  1970,  the  Big  Horn  County  population  remained  relatively 
stable,  growing  from  9824  to  10  057,  or  2  percent.     During  the  same  period, 
the  Indian  population  increased  42  percent,  from  2833  to  4035,  and  the 
non-Indian  population  declined  14  percent,  from  6991  to  6022.     The  probable 
cause  for  the  non-Indian  decline  was  the  decreasing  agricultural  employment 
opportunities  which  resulted  in  the  migration  of  rural  farm  families  to 
urban  areas. 

Since  1970  the  population  of  the  county  has  grown  more  rapidly  and  in 
1978  was  estimated  to  be  10  626.     The  cause  of  the  renewed  growth  is  the 
vast  amounts  of  coal  in  the  area. 
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The  community  of  Fort  Smith  (1970  population  of  125)  is  located  near  the 
project  site.     The  largest  city  in  the  county,  Hardin,   (1970  population  of 
2733)  is  located  80  kilometers   (50  miles)  north  of  the  project  site. 


Fort  Smith,  Montana 

Employment  and  Income 

Agriculture  in  1970  was  the  major  employing  industry,  accounting  for 
approximately  28  percent  of  the  jobs.     Retail  trade  and  manufacturing  were 
also  important  in  terms  of  employment.     The  total  county  labor  force  in 
1970  was  3317,  of  which  the  Indians  accounted  for  approximately  25  percent. 
The  average  unemployment  rate  was  4.6  percent.     The  Indian  unemployment 
rate  was  8.7  percent. 

The  median  income  of  all  families  and  unrelated  individuals  in  the  county 
in  1970  was  $6,300  compared  to  $6,766  for  the  State. 
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Recreation 

Bighorn  Lake  and  Yellowtail  Afterbay  Reservoir  are  within  the  Bighorn  Canyon 
National  Recreation  Area  managed  by  the  National  Park  Service.     There  is 
slight  potential  for  upland  game-bird  hunting  in  the  Pryors  and  good 
hunting  on  the  management  area  at  the  upper  end  of  Bighorn  Lake.  High 
potential  for  waterfowl  and  pheasant  hunting  exists  downstream  of  the 
afterbay  dam. 

Other  recreation  activities  in  the  area  include  fishing,  boating,  camping, 
picnicking,  hiking,  riding,  scenic  drives,  and  visiting  the  Yellowtail  Dam 
and  visitor  center. 

Recreation  facilities  around  the  afterbay  reservoir  are  not  highly  developed, 
although  a  campground,  boat  ramps,  and  picnic  sites  are  available  on  the 
east  side.     The  National  Park  Services  Draft  General  Management  Plan  calls 
for  extensive  development  in  this  area  in  the  future. 

All  recreation  activity  (except  floating)  on  the  river  below  the  afterbay 
dam  has  been  closed  to  all  non-members  of  the  Crow  Indian  Tribe  since  the 
mid-1970's. 

Cultural  Resources 

A  Class  I  survey  revealed  that  no  sites  listed  on  the  National  Register 
of  Historic  Places  (March  18,   1980,  Federal  Register  and  supplements) 
will  be  affected.    A  surface  inventory  conducted  by  the  Bureau  revealed 
no  cultural  resources  in  the  left  abutment  area.    A  surface  inventory 
along  the  transmission  line  right-of-way  will  be  required  once  the  exact 
route  is  known. 

Existing  and  Potential  Development 
Existing  Development 

The  Bighorn,  Two  Leggins,  and  Bighorn  Low-Line  Canals  are  the  main  canals 
that  divert  water  from  the  Bighorn  River  to  serve  irrigation  needs  downstream 
of  Yellowtail  Afterbay  Dam. 
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The  Bighorn  Canal  has  its  headworks  at  the  Yellowtail  Afterbay  Dam  and 
serves  approximately  10  000  irrigable  hectares  (24  700  acres)  on  the  east 
side  of  the  Bighorn  River.     This  canal  is  operated  by  the  Bureau  of 
Indian  Affairs. 

The  Two  Leggins  Water  Users  Association  diverts  water  by  gravity  from  the 
Bighorn  River  about  16  kilometers   (10  river  miles)  upstream  of  Hardin, 
Montana.     From  the  point  of  diversion,  the  Two  Leggins  Canal  extends  in 
a  northerly  direction,  on  the  west  side  of  the  river,  and  serves  about 
6800  irrigable  hectares  (16  800  acres). 

Water  for  the  Bighorn  Low-Line  Canal  is  also  diverted  by  gravity  from  the 
Bighorn  River  about  10  kilometers   (6  miles)  downsteam  of  Hardin.  From 
the  point  of  diversion,  the  canal  extends  in  a  northerly  direction  for 
about  22  kilometers  (14  miles)  on  the  west  side  of  the  river  and  serves 
about  2512  irrigable  hectares  (6208  acres). 

Other  diversions  from  the  Bighorn  River  include  Farmers  Canal  with  456 
irrigable  hectares   (1127  acres),  Lateral  Water  Users  Association  with 
86  irrigable  hectares  (213  acres),  Wagonbox  Canal  with  110  irrigable 
hectares  (273  acres),  and  various  private  ditches  with  about  160  irrigable 
hectares  (400  acres). 

This  is  a  total  of  about  20  100  irrigable  hectares  (49  700  acres).  /2/ 
Potential  Development 

The  Bureau  has  investigated  the  potential  for  irrigation  development 
of  the  proposed  Hardin  Unit.     The  water  would  be  diverted  from  Bighorn 
Lake  through  an  outlet  in  the  left  abutment  of  Yellowtail  Dam.  Development 
of  the  unit  would  provide  for  irrigation  of  17  240  hectares  (42  600  acres) 
of  land  requiring  full  irrigation  service  and  380  hectares  (950  acres)  of 
land  now  under  irrigation  requiring  a  supplemental  water  supply.  About 
52  percent  of  the  irrigable  land  in  the  unit  is  in  Indian  ownership.  The 
unit  has  not  been  recommended  for  construction  because  of  lack  of  support 
by  Indian  and  non- Indian  landowners. 
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There  is  also  potential  for  industrial  water  use,  especially  as  it  relates 
to  coal  development.     Such  uses  could  include,  but  are  not  limited  to: 
coal  gasification,  coal  slurry  pipeline,  coal  liquif ication,  coal-fired 
generation,  etc.     The  Crow  Tribe  has  recently  received  a  grant  to  study 
coal  gasification.    Also,  an  environmental  impact  statement  is  being 
prepared  by  the  Department  of  Interior  for  potential  municipal  and 
industrial  use  from  Bighorn  Lake.     If  water  is  used  for  these  purposes, 
it  would  be  diverted  downstream  from  the  afterbay  dam  and  would  not  affect 
power  generation. 


PUBLIC  INVOLVEMENT 


The  following  agencies  and  organizations  provided  information  and/or  were 
consulted  during  the  planning  process: 

Montana  Department  of  Fish,  Wildlife  and  Parks 

U.S.  Fish  and  Wildlife  Service 

National  Park  Service 

Crow  Indian  Tribal  Representative 

Bureau  of  Indian  Affairs 

National  Marine  Fisheries  Service 

Corps  of  Engineers 

Environmental  Protection  Agency 

Western  Area  Power  Administration 

In  addition,  this  study  was  presented  and  discussed  at  meetings  with  the 
Economic  Development  Association  for  Eastern  Montana  at  Miles  City 
(November  1979),  Montana  Water  Development  Association  Meeting  (January 
1980  in  Glendive  and  February  1980  in  Malta),  and  Montana  Wilderness 
Institute  (January  1980  in  Livingston). 

Most  of  the  agencies  or  organizations  consulted  to  date  have  expressed 
enthusiastic  support  for  the  project.     No  agency  or  organization  has 
publicly  opposed  the  project.     Crow  tribal  representatives  are  exploring 
ways  that  the  Tribe  may  benefit  from  powerplant  construction,  while  supporting 
legislation  for  Bureau  development. 
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PROBLEMS  AND  NEEDS 


Our  national  energy  demands  have  outstripped  our  production,  forcing  the 
nation  to  rely  on  expensive  imported  oil  and  gas.     Efforts  to  offset  this 
have  been  directed  towards  conservation  and  alternate  forms  of  energy 
production.    Because  of  the  potential  of  early  development  and  the  minimal 
environmental  impacts,  hydroelectric  generation  at  existing  facilities  is 
receiving  considerable  attention.    Hydropower  is  a  clean  source  of  energy 
and  is  renewable.     It  has,  therefore,  recently  become  the  one  type  of 
power  development  that  has  received  the  most  interest  by  both  the  public 
and  the  private  sectors. 

At  the  present  time  power  from  Yellowtail  Powerplant  is  marketed  to  both 
the  Mid-Continental  Area  Reliability  Coordination  Agreement  (MARCA)  area 
and  Area  1   (Northwest  Power  Pool  Area)  of  Western  Systems  Coordinating 
Council  (WSCC).     Officials  from  Western  Area  Power  Administration  expect 
the  baseload  power  from  Yellowtail  Afterbay  to  be  marketed  in  the  Eastern 
Division  of  the  Pick-Sloan  Missouri  Basin  Program,  which  includes  Montana 
east  of  the  Continental  Divide,  North  Dakota,  South  Dakota,  and  portions 
of  Nebraska  and  Iowa.     This  is  primarily  the  MARCA  area. 

The  MARCA  area  will  require  8260  megawatts  of  additional  capacity  between 
1980  and  1989.     Between  1989  and  1999  peak  hour  demand  is  expected  to 
increase  by  over  14  000  MW.     Hydropower  is  expected  to  fulfill  at  least 
10  percent  of  these  nedds.     The  remaining  needs  are  expected  to  be  pro- 
vided by  coal-fired  steam,  nuclear,  and  other  plants . / 1/    The  powerplant 
at  Yellowtail  Afterbay  Dam  can  help  fulfill  the  needed  hydropower  additions, 
or  it  could  displace  the  need  for  the  coal  or  nuclear  plants. 

Releases  from  the  afterbay  dam  cause  the  Bighorn  River  to  be  supersaturated 
with  nitrogen,  which  periodically  kills  some  fish  and  adversely  affects 
others.     (There  is  no  problem  with  supersaturation  in  the  afterbay  itself.) 
At  times  total  gasses  have  been  measured  at  levels  of  120-125  percent  of 
saturation,  whereas  it  is  generally  recommended  that  levels  should  not 
exceed  110  percent  to  protect  fish.     In  1979  Crow  tribal  representatives 
advised  the  Bureau  that  they  had  seen  an  estimated  1500-2000  dead  trout 
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that  showed  symptoms  of  being  affected  by  gas  bubble  disease  caused  by 
nitrogen  supersaturation  downstream  from  the  afterbay.     In  March  of  1980, 
dead  fish  were  again  reported.     Diseased  fish  were  seen  throughout  most 
of  the  summer  by  U.S.  Fish  and  Wildlife  Service  personnel  engaged  in  an 
interagency  study  of  supersaturation  in  the  Bighorn  River. 

3  3 

The  afterbay  dam  was  designed  for  flows  up  to  130  m  /s  (4500  ft  /s)  to 
be  routed  through  the  automated  sluiceway  gates  and  higher  flows  to  be 
passed  across  the  spillway  through  gates  which  are  manually  controlled  at 
the  dam.     The  automated  sluiceway  gates  are  capable  of  maintaining  stable 
river  elevations  with  little  hourly  fluctuation  in  depth  despite  changes 
in  the  afterbay.     The  Bureau  has  determined  that  a  mixture  of  flows 
over  the  spillway  and  through  the  sluiceway  causes  less  nitrogen  to  be 
entrained  than  flows  through  the  sluiceway  alone. 

The  Bureau  began  extended  experiments  with  this  pattern  of  operation 
in  the  spring  of  1980.     Saturation  levels  have  been  reduced,  but  main- 
tenance costs  of  the  dam  have  increased,  and  the  water  level  in  the  after- 
bay  reservoir  is  not  always  high  enough  for  flows  to  pass  over  the  spillway. 
Keeping  it  high  enough  would  reduce  peaking  power  generation  at  Yellowtail 
Dam.  —  •  —  — 

Experts  from  the  Environmental  Protection  Agency,  U.S.  Fish  and  Wildlife 
Service,  U.S.  Corps  of  Engineers,  and  National  Marine  Fisheries  Service, 
consulted  by  the  Bureau  in  1979,  generally  agreed  that  installing  a 
turbine  in  the  afterbay  dam  should  relieve  the  nitrogen  supersaturation 
problem.  /6/  ^^-"-"""^ 


EVALUATION  OF  RESOURCES 


All  land  required  for  the  powerplant  and  transmission  lines  is  federally 
owned. 

Materials 

Impervious 

About  153  000  cubic  meters  (200  000  cubic  yards)  of  impermeable  material 
is  available  within  1.6  kilometers  (1  mile)  of  the  afterbay  dam,  immediately 
south  of  the  airplane  landing  strip.     This  material  consists  of  loess 
deposits  (clay,  silt,  and  fine  sand)  that  average  about  1.1  meters  (3.5  feet) 
thick,  overlying  sand  and  gravel  terrace  deposits.    Additional  material 
could  be  available  by  mixing  the  loess  with  the  underlying  terrace  sand 
and  gravel .    Mining  of  this  material  is  not  expected  to  interfere  with  the 
landing  strip  or  with  the  safety  of  aircraft.     The  borrow  pit  would  be 
graded,  but  otherwise  left  unreclaimed. 

Pervious  and  Concrete  Aggregate 

An  estimated  306  000  cubic  meters  (400  000  cubic  yards)  of  sand  and  gravel 
is  available  from  the  terrace  deposits  underlying  the  impermeable  material 
described  above.     Similar  material  from  this  deposit  was  used  for  the 
concrete  aggregate  in  Yellowtail  Dam. 

Riprap 

Riprap  could  be  obtained  from  a  Madison  limestone  quarry  located  in  the 
left  canyon  wall  downstream  from  Yellowtail  Dam.     Truck  haul  to  the  site 
would  be  under  3.2  kilometers  (2  miles). 

Water  Resources 

Yellowtail  Dam  and  Powerplant  Operation 

Normally  the  inflows  into  the  afterbay  reservoir  are  the  discharges  through 
the  Yellowtail  Powerplant,  located  at  the  toe  of  Yellowtail  Dam.  Daily 
water  releases  to  Yellowtail  Afterbay  Reservoir  are  determined  by  the 
generation  demand  schedule  for  the  Pick-Sloan  Missouri  Basin  Program. 
This  schedule  is  developed  by  the  Power  System  Operations  Office,  Department 

l  ? 


of  Energy,  Watertown,  South  Dakota,  and  coordinated  through  the  Bureau 
of  Reclamation,  Upper  Missouri  Region,  Reservoir  Regulations  Branch, 

Billings,  Montana.     Under  normal  operation,  releases  through  the  Yellowtail 
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Powerplant  may  vary  between  0  and  230  m  /s  (0  to  8000  ft  /s)  depending 

on  daily  generation  demand  schedules,  water  inflow  forecasts,  and  regulation 

of  the  reservoirs  with  hydrogeneration  capability  within  the  system. 

The  operation  of  Yellowtail  Dam  varies  during  periods  of  high  and  low 
runoff.     During  periods  of  high  inflows  into  Bighorn  Lake,  coupled  with 
a  reservoir  elevation  that  does  not  permit  storage,  additional  releases 
/above  the  approximately  230  m3/s  (8000  ft3/s)  through  the  penstock/  can 
be  made  through  either  the  river  outlet  works  or  the  Yellowtail  spillway 
tunnel. 

During  periods  of  low  inflows,  if  the  Bighorn  Lake  elevation  recedes  below 
the  level  of  the  four  penstock  intakes  in  the  face  of  the  dam  /elevation 
1050  meters  (3500  feet)/ ,  minimum  water  releases  to  the  afterbay  reservoir 
can  be  maintained  through  the  irrigation  and  river  outlet  works,  with 
intakes  located  at  elevation  1036  meters  (3400  feet)  and  1006  meters 
(3300  feet),  respectively. 

Yellowtail  Afterbay  Operation 

The  Afterbay  Powerplant  will  not  be  operated  as  a  peaking  plan&P  After 
installation  of  the  generator,  the  afterbay  reservoir  would  be  operated 
in  the  same  manner  as  it  is  currently,  to  minimize  fluctuations  in  downstream 
flows  in  the  Bighorn  River.     The  Standard  Operating  Procedures  that  were 
used  for  this  study  are  appended. 

Maintenance  of  specific  reservoir  elevations  for  fish,  wildlife,  and 

recreation  is  not  required  in  Yellowtail  Afterbay  Reservoir.     The  desired 

3  3 

minimum  release  for  the  fishery  in  the  Bighorn  River  is  28  m  /s  (1000  ft  /s) , 

as  stated  in  the  Yellowtail  Afterbay  Operating  Criteria.     However,  during 

emergency  or  special  operations,  the  minimum  release  to  the  Bighorn  River 
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from  the  afterbay  dam  may  be  reduced  to  about  10  m  /s  (400  ft  /s). 
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Releases  to  the  Bighorn  River  in  excess  of  130  m  /s  (4500  ft  /s)  must  be 

3  3 

passed  over  the  spillway.     Flows  less  than  130  m  /s  (4500  ft  /s)  are 
presently  controlled  through  a  sluiceway.     Because  inflows  to  the  afterbay 
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are  controlled  by  Yellowtail  Dam,  the  inflow  design  flood  was  not  determined 
for  the  afterbay.     The  afterbay  does  have  the  ability  to  safely  release 
566  m3/s  (20  000  f t3/s) ;  439  m3/s  (15  500  ft3/s)  through  the  overflow 
spillway  and  127  m3/s  (4500  £t3/s)  through  the  sluiceway.     Flows  in 
excess  of  566  m3/s  (20  000  ft3/s)  can  endanger  the  structure.  Present 
Standard  Operating  Procedure  requires  that  the  left  abutment  be  breached 
when  flows  exceed  566  m3/s  (20  000  f t3/s) .     (See  page  22,  Flood  Damages.) 

The  United  States  has  a  vested  right  (use  right)  to  fill  the  afterbay  to 
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elevation  973  meters  (3192  feet).     Storage  at  this  elevation  is  3  874  000  m 
(3141  acre-ft).     The  priority  date  of  this  right  is  November  1965. 

Operation  of  the  afterbay  must  not  conflict  with  water  rights  having 
priority  dates  earlier  than  the  United  States'   storage  right  in  the  afterbay. 
Some  of  these  rights  are  for  the  Bighorn  Canal  and  the  Campbell  Farming 


Corporation.     The  Bighorn  Canal,  located  directly  downstream  from  the 


afterbay  dam,  diverts  water  from  the  right  side  of  the  dam  and  has 
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capacity  of  about  21  m  /s  (750  ft  /s) .     To  keep  sufficient  water  in  the 

canal,  a  minimum  afterbay  elevation  of  967.8  meters  (3175  feet)  is 

required  during  the  irrigation  season.     The  Campbell  Farming  Corporation 

has  an  irrigation  pumping  plant  located  on  the  left  bank  of  the  afterbay 

reservoir,  approximately  1.2  kilometers  (.75  mile)  upstream  of  the 

afterbay  dam.     The  minimum  reservoir  level  of  968  meters  (3175  feet) 

required  for  the  Bighorn  Canal  also  provides  a  sufficient  water  level 

for  the  pumping  plant.     A  minimum  discharge  from  the  afterbay  to  the  river 

of  39.6  m3/s   (1400  ft  /s)  will  satisfy  all  water  users  located  on  the 

1    j-JJ  1  ■■"  i 
Bighorn  River  downstream  of  the  afterbay. 

The  average  afterbay  elevation  fluctuations  are  as  follows: 

Minimum  Maximum  Minimum  Maximum 
(meters)         (meters)  (feet)  (feet) 

During  Irrigation  Season  967.8  972.9  3175.0  3192.0 

During  Nonirrigation  Season  963.8  972.9  3162.0  3192.0 
Anytime  Releases  Exceed 

130  m3/s  (4500  ft3/s)  969.1  972.9  3179.5  3192.0 

The  elevation  differences  range  up  to  9  meters  (30  feet). 
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Determination  of  Flows  Available  for  Power 


In  the  1978  Special  Study,  a  constant  afterbay  elevation  of  971.4  meters 
(3187  feet)  was  assumed.     Because  the  afterbay  is  used  as  a  reregulating 
dam  for  the  releases  from  peaking  operation  of  the  Yellowtail  Dam  Power- 
plant,  the  water  level  in  the  afterbay  reservoir  fluctuates  substantially. 
Because  of  continual  water  surface  fluctuation  in  the  afterbay,  it  was 
decided  that  a  power  study  using  hourly  data  was  needed  to  determine  if 
available  monthly  data  were  adequate. 

The  amount  of  hourly  data  was  immense.     Therefore,  to  keep  the  study  at 
a  manageable  size,  2  years  of  hourly  data  were  used  and  the  results 
compared  to  the  monthly  data  for  the  same  period.     A  close  correlation 
between  the  results  of  the  hourly  study  and  the  monthly  study  would  mean 
that  the  monthly  study  could  be  used  to  size  the  future  powerplant  at 
Yellowtail  Afterbay  Dam. 

The  most  recent  5  years  of  monthly  data  (1974-1978),  which  best  represent 
present  afterbay  operation,  were  analyzed  to  determine  a  typical  or 
average  year.     A  typical  year  did  not  exist,  so  an  analysis  was  done  on 
the  maximum  and  minimum  flows  by  month  for  the  same  period  of  record. 
The  sum  of  the  maximum  and  minimum  flows  by  month  came  close  to  the  average 
monthly  flows  (Table  1).     The  years  1977  and  1978  were  then  chosen  for 
the  hourly  study  since  they  contained  the  largest  number  of  maximum  and 

minimum  flows.    The  year  1977  had  the  lowest  monthly  flow  in  10  of  12 
months.    The  year  1978  had  the  highest  monthly  flow  in  5  of  the  12  months 
and  the  lowest  monthly  flow  in  2  of  the  12  months.     For  a  comparison  of 
power  generation  from  hourly  and  monthly  data,  such  wide  fluctuations 
would  be  an  extreme  correlation  test. 

For  the  hourly  power  study,  elevations  of  the  afterbay  reservoir  and  river 
below  the  afterbay  were  taken  from  hourly  information  recorded  by  the 
damtender  at  Yellowtail  Dam.    Hourly  afterbay  reservoir  outflows  were  not 
available.    To  determine  hourly  outflow  from  the  afterbay,  hourly  river 
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stages  (elevation)  at  the  USGS  gage  near  St.  Xavier  were  taken  from  USGS 
digital  printout  records.     (The  gage  is  about  240  meters  (800  feet) 
downstream  from  the  afterbay  dam. )    A  USGS  stage-discharge  rating  table 
was  then  used  to  determine  flows. 

For  the  monthly  2-year  power  study,   (1977  and  1978),  average  monthly 
values  for  afterbay  elevation,  river  elevation,  and  river  flow  were  cal- 
culated from  the  data  used  in  the  long  term  monthly  study. 

Using  hourly  and  monthly  data  and  a  turbine  efficiency  curve  (which  has, 
different  efficiencies  assigned  for  different  combinations  of  head  versus 
discharge),  potential  power  generation  was  calculated  using  the  available 
head  and  flow  for  each  hour  and  each  month  in  1977  and  1978.     Power  gener- 
ation for  plants  from  8-  to  12-MW  capacity  with  design  heads  between 
6.7  meters  (22  feet)  and  7.9  meters  (26  feet)  was  calculated. 

For  most  powerplant  sizes,  power  generation  was  greatest  using  a  7.6-meter 
(25-foot)  design  head  (see  appended  Table  A-l).     Based  on  the  data  obtained 
for  the  2  years  of  head  and  flow  values  (see  appended  Table  A-2),  the 
operating  range  of  the  turbine,  and  results  of  the  hourly  power  study, 
the  design  head  of  7.6  meters  (25  feet)  was  chosen  for  the  comparison 
of  monthly  and  hourly  values. 

The  average  power  generation  for  the  2  years  using  hourly  data  was  compared 
to  the  power  generation  using  monthly  data.     The  generation  values  based 
on  monthly  data  are  3  to  5  percent  lower  than  those  based  on  hourly  data. 
/Table  2  shows  the  monthly  power  generation,  using  monthly  and  hourly 
data,  for  three  plant  sizes  with  a  7.6-meter  (25- foot)  design  head_^/ 
Therefore,  it  was  concluded  that  using  monthly  average  values  (elevations 
and  flows)  gives  a  close  approximation  of  power  generated  on  an  hourly 
basis,  and  it  was  decided  to  use  the  more  conservative  monthly  average 
values  to  identify  potential  power  generation. 
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PLAN  FORMULATION 


Scope  of  Study 

In  order  to  determine  the  most  economical  powerplant  size,  based  on  highest 
net  benefits,  five  different  powerplant  sizes  were  examined:     8.0,  9.0, 
10.0,  11.0,  and  12.0  megawatts^^The  proposed  powerplant  will  operate  in 
such  a  manner  as  not  to  change  the  current  downstream  release  patterns 
to  the  Bighorn  River. 


Engineering 

The  plant  structure  would  be  located  in  the  left  earthen  embankment  of 
the  afterbay  dam. 

Construction  will  require  excavation  of  part  of  the  left  embankment  of 
the  afterbay  dam  and  placement  of  a  sheet  metal  cofferdam  both  above  and 
^below  the  _a£tfir.bay  dam.-    Approximately  23  000  cubic  meters  (30  000  cubic 
yards)  of  material  would  be  excavated  and  placed  in  an  adjacent  storage 
area  (see  Figure  459-600-318).     Most  of  this  material  is  above  the  water 
level  and  would  be  used  as  backfill  around  the  plant.     This  activity  will 
require  a  Section  404  permit  from  the  Corps  of  Engineers. 

Traffic  will  be  temporarily  disrupted  during  construction  of  the  powerplant. 
The  following  alternatives  are  available  for  rerouting  the  traffic: 

1.  Route  traffic  across  the  Bighorn  at  St.  Xavier  via  a  winding 
graveled  county  road.     Travel  time  and  distance  would  be  increased,  and 
travelers  would  have  to  contend  with  dust. 

2.  Route  traffic  across  Yellowtail  Dam  and  down  an  old  construction 
road,  a  detour  of  about  6  kilometers  (4  miles)  which  could  present  traffic 
and  other  safety  hazards. 
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3.     The  powerplant  might  be  built  in  stages  allowing  one 
lane  of  traffic  through  the  construction  site.     In  all  probability 
there  would  be  routine  delays  in  traffic  to  allow  movement  of  construction 
equipment  and  a  public  safety  hazard  associated  with  this  alternative  in 
addition  to  higher  construction  costs. 

4.     Route  traffic  over  a  properly  constructed  upstream  cofferdam  which 
could  also  allow  better  access  to  the  work  site. 

Power  from  the  existing  Yellowtail  Powerplant  is  transmitted  to  a  switch- 
yard on  the  east  rim  of  the  canyon  above  the  dam.     From  the  switchyard, 
the  power  goes  to  Federal  transmission  lines  and  is  marketed  through  the 
Pick-Sloan  Missouri  Basin  Program.     Federal  transmission  lines  also  span 
the  afterbay,  connecting  the  Yellowtail  switchyard  with  the  Pacific  Power 
and  Light  switchyard.     (See  location  map.) 

As  described  in  the  1978  Special  Study  Report  on  Powerplant  at  Yellowtail 
Afterbay  Dam,  the  proposed  transmission  line  would  extend  from  Yellowtail 
Afterbay  Powerplant  to  the  existing  Yellowtail  switchyard.     It  is  the 
policy  of  the  Upper  Missouri  Region  that  all  new  or  replacement  utility 
lines  be  buried  when  located  within  reservoir  areas.     However,  if  costs 
are  excessive,  this  policy  can  be  amended  at  the  discretion  of  the 
Regional  Director.     Therefore,  costs  were  estimated  for  both  an  overhead 
line  and  a  buried  line. 

In  the  1978  Special  Study,  costs  were  estimated  for  a  10-MW  bulb  turbine. 
For  the  present  report,  the  cost  of  a  10-MW  bulb  turbine  was  compared  to 
the  cost  of  a  10-MW  horizontal  propeller  turbine.     The  bulb  turbine  would 
require  deeper  and  wider  excavation  through  the  dam  than  the  horizontal 
propeller  turbine.     The  cost  estimate  for  a  1  fl-MU  h^J^jmrbine  with  an 
overhead  transmission  line  is  $22,700,000,  and  the  cost  estimate  for  a 
10-MW  horizontal  propeller  turbine  is  $19,500,000.     Therefore,  a  horizontal 


propeller  turbine  is  recommended. 

Powerplant  costs  were  estimated  at  the  appraisal  level  using  primarily  the 
estimating  data  supplied  the  Service  by  Tudor  Engineering  Company  and  suppl 
mental  information  from  a  computer  program  and  Series  150,  Estimating  Data. 
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SECTION  THROUGH  EXISTING  DAM 
AND  PROPOSED  POWERPLANT 

(NOT  TO  SCALE) 


VICINITY  MAP 


Max-  W.  S.  El  3165 
N  W  S.  El  3162 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
WATER  AND  POWER   RESOURCES  SERVICE 
PlCK-SLOAN   MISSOURI   BASIN  PROGRAM 
LOWER  BIGHORN  OIVI S I  ON  -  YELLOWTAIL  UNIT-MONTANA 

YELLOW  TAIL   AFT  ERBAY   DAM  POWERPLANT 

GENERAL     SITE  PLAN 


JANUARY   16,  1981 


459-600-327 


SUPERCEDES    DRAWING  NUMBER  459-600-318 


All  prices  were  estimated  at  the  January  1980  level.  The  following  items 
were  estimated  for  each  powerplant: 


Structures  and  Improvements  -  Included  all  costs  associated  with  the 
powerplant  structure;  grading;  erosion  control;  fencing;  drainage; 
and  noise,  dirt,  and  turbidity  control. 

Dams  and  Waterways  -  Included  cofferdam,  penstock,  and  tailrace. 

Turbine  and  Generator  -  Included  horizontal  propeller,  turbine,  shaft, 
butterfly  valve,  governor,  generator  with  exciter,  controls,  and 
installation. 

Station  Electrical  Equipment  -  Included  battery  and  battery  charger, 
station  switchgear,  station  service  transformers,  bus,  cable,  conduit, 
ground  equipment,  main  control  board,  lighting  system,  automatic 
control  and  telemetry,  freight,  and  installation. 

Miscellaneous  Powerplant  Equipment  -  Included  crane,  compressor, 

ventilation  equipment,  fire  protection  equipment,  generator  bearing 
cooling  equipment,   freight,  and  installation. 

Switchyard 

Transmission  Line  -  A  115-kV  line,  3.4  kilometers  (2.1  miles)  long 
was  estimated  for  both  overhead  and  underground  installation. 

Flood  Damages  -  The  present  Standard  Operating  Procedure  calls  for 
breaching  of  the  left  abutment  of  the  afterbay  dam  for  passage 
of  flows  in  excess  of  566  m3/s  (20  000  ft3/s).    The  construction 
of  the  powerplant  in  the  left  abutment  will  require  either  measures 
to  protect  the  afterbay  dam  and  potential  powerplant  or  a 
change  in  the  operating  procedure.    The  alternative  considered 
for  this  appraisal-level  study  is  to  breach  the  right  abutment. 
This  procedure  would  result  in  additional  project  cost  for 
replacing  the  downstream  end  of  the  Bureau  of  Indian  Affairs 
canal  headworks,  approximately  180  meters  (600  feet)  of  canal, 
and  a  small  flood  dike  to  direct  water  back  to  the  river.  The 
cost  was  amortized  over  100  years  because  of  the  flood  occurrence 
interval. 

Five  alternative  powerplant  sizes  were  estimated  based  on  flows  available. 
Costs  are  shown  in  Table  3  for  powerplant  sizes  between  8-MW  and  12-MW. 
Powerplant  operation  would  be  controlled  from  Yellowtail  Powerplant. 
Yellowtail  O&M  personnel  and  equipment  would  be  supplemented  to  carry  out 
O&M  work.     Annual  operation,  maintenance,  and  replacement  costs  for  each 
powerplant  were  estimated  to  be  $150,000. 
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Table  3 


YELLOWTAIL  AFTERBAY  POWERPLANT 
ESTIMATED  COSTS  (JANUARY  1980) 
($l,000's) 


With  Overhead  Transmission  Line 


8-MW 

9-MW 

10-MW 

11-MW 

12-MW 

Structure  and  Improvements 

1,900 

2,000 

2,100 

2,200 

2,200 

Dams  and  Waterways 

1,350 

1,350 

1,400 

1,400 

1,400 

Turbine  and  Generator 

4,200 

4,500 

4,700 

5,000 

5,200 

Station  Electrical  Equipment 

770 

810 

870 

910 

940 

Misc.  Powerplant  Equipment 

80 

90 

90 

90 

90 

Switchyard 

960 

960 

960 

960 

960 

Transmission  Line 

120 

120 

120 

120 

120 

Flood  Damages 

290 

290 

290 

290 

290 

Unlisted  Items-^ 

1,130 

1,080 

1,070 

1,030 

1,200 

Contingency  (25%) 

2,700 

2,800 

2,900 

3,000 

3, 100 

Field  Cost 

13,500 

14,000 

14,500 

15,000 

15,500 

Indirect  Costs- 

5,000 

5,500 

5,500 

5,500 

6,000 

Project  Cost 

18,500 

19,500 

20,000 

20,500 

21,500 

With  Underground 

Transmission  Line 

8-MW 

9-MW 

10-MW 

11-MW 

12-MW 

Structures  and  Improvements 

1,900 

2,000 

2,100 

2,200 

2,200 

Dams  and  Waterways 

1,350 

1,350 

1,400 

1,400 

1,400 

Turbine  and  Generator 

4,200 

4,500 

4,700 

5,000 

5,200 

Station  Electrical  Equipment 

770 

810 

870 

910 

940 

Misc.  Powerplant  Equipment 

80 

90 

90 

90 

90 

Switchyard 

960 

960 

960 

960 

960 

Transmission  Line 

760 

760 

760 

760 

760 

Flood  Damages 

290 

290 

290 

290 

290 

Unlisted  Items-^ 

890 

1,240 

1,230 

1,190 

1,360 

Contingency  (25%) 

2,800 

3,000 

3,100 

3,200 

3,300 

Field  Cost  (rounded) 

14,000 

15,000 

15,500 

16,000 

16,500 

Indirect  Cost?-' 

5,000 

5,500 

5,500 

6,000 

6,000 

Project  Cost 

19,000 

20,500 

21,000 

22,000 

22,500 

J7  Approximately  10  percent,  includes  rounding. 

2J  40  percent  (rounded)  for  all  items  except  switchyard,  transmission  line, 
and  flood  damages,  which  were  30  percent. 
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Power  Generation 


Power  generation  was  calculated  for  8-  through  12-MW  powerplants  using 
monthly  data.     A  10-year  period  (1969-1978)  was  chosen  because  data  were 
not  complete  for  years  prior  to  1969. 

Monthly  tailwater  elevations  (Table  A-3)  and  afterbay  discharges  (Table  A-5) 
were  derived  by  averaging  the  daily  data  from  damtender  records.     Table  A-6 
shows  the  resulting  generation  and  turbine  performance  for  the  10.0  MW 
plant.     This  was  the  same  source  of  data  used  in  the  hourly  studies. 

Daily  average  afterbay  elevations  were  not  available  for  the  10-year 
period,  so  it  was  necessary  to  make  an  estimate.     Values  that  were 
available  include  midnight  afterbay  reservoir  elevation  and  average 
tailwater  elevation  of  the  Yellowtail  Dam  and  Powerplant.  Midnight 
afterbay  elevations  are  not  affected  by  changes  in  water  level  during  the 
day,  so  they  do  not  provide  an  accurate  estimate  of  average  afterbay 
reservoir  elevations.     A  comparison  of  monthly  average  afterbay  reservoir 
elevations,  obtained  from  the  2  years  (1977  and  1978)  of  hourly  data,  and 
monthly  average  tailwater  elevations  of  Yellowtail  Powerplant  showed 
that  average  afterbay  reservoir  elevations  were  approximately  99  percent 
of  the  average  tailwater  elevations.     Appended  Table  A-7  shows  the  data 
used  and  the  results  obtained  with  this  method.     The  average  percent 
difference  between  the  actual  average  head  and  the  calculated  average  head 
is  1.3  percent.     Monthly  afterbay  reservoir  elevations  for  the  years 
1969-1978  were  computed  by  this  method  (Table  A-4)  and  used  to  calculate 
power  generation. 

Power  generation  was  calculated  using  the  following  criteria: 

1.  When  the  head  was  above  125  percent  of  the  design  head  or  below 
65  percent  of  design  head,  the  powerplant  would  not  operate. 

2.  When  the  flow  was  below  30  percent  of  design  flow,  the  powerplant 
would  not  operate. 

3.  When  the  flow  was  above  the  maximum  Usable  flow  for  generation, 
only  the  maximum  usable  flow  was  used  to  generate  power. 
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4.     When  power  generation  reached  100  percent  of  rated  capacity, 
excess  water  would  be  spilled. 

The  average  annual  power  generation  for  8-  to  12-MW  powerplants  with  design 
heads  between  7.3  meters  (24  feet)  and  7.9  meters  (26  feet)  is  shown  in 
Table  4.     As  can  be  seen  from  this  table,  maximum  power  generation  is 
achieved  with  a  7.6-meter  (25-foot)  design  head  for  all  but  the  8-  and 
12-MW  powerplants.     Appended  Table  A-6  shows  the  monthly  power  generation 
for  the  8-MW  powerplant. 

Future  Studies 

At  the  feasibility-level  study,  the  possibility  of  constructing  a  two-unit 
plant  should  be  investigated.    The  possibility  of  constructing  the  trans- 
mission line  to  the  Pacific  Power  and  Light  switchyard  on  the  west  side  of 
the  afterbay  and  interconnecting  with  existing  Federal  transmission  lines 
should  also  be  investigated.     Easements  across  about  100  yards  of  privately 
owned  land  would  be  needed. 

When  the  average  1975-level  depleted  flow  for  a  43-year  time  period 
(1939-1975)  was  compared  to  the  average  depleted  flow  for  the  lO^year 
period  (1969-1978),  it  appeared  that  flows  may  be  overestimated  up  to 
11  percent.    At  the  feasibility  level,  the  entire  period  of  record  (1939  to 
latest  year)  should  be  used  in  the  power  generation  analysis,  and  future 
depletions  will  have  to  be  evaluated. 


24 


Table  4 

YELLOWTAIL  AFTERBAY  POWERPLANT 
AVERAGE  ANNUAL  POWER  GENERATION  (GWH) 
CALCULATED  FROM  MONTHLY  AVERAGES  (1969-1978) 


Design  Head 

7.3-Meter 
(24-Foot) 

7.6-Meter 
(25-Foot) 

7.9-Meter 
(26-Foot) 

8-MW 

55. 1 

55.0 

54.5 

9-MW 

57. 1 

57.2 

56.8 

10-MW 

58.3 

58.5 

58.4 

11-MW 

59.0 

59.0 

59.0 

12-MW 

59.2 

59.4 

59.5 
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POWERPLANT  EVALUATION 


Economic  Analysis 

The  various  alternatives  were  evaluated  based  on  a  7-1/8  percent  interest 
rate  and  a  100-year  project  life.  Interest  during  construction  (IDC)  was 
based  on  a  3-year  construction  period. 

The  benefits  for  each  alternative  were  computed  based  on  the  cost  of  the 
most  likely  alternative,  which  was  determined  to  be  a  baseload  coal-fired 
plant.     The  benefit  values  for  capacity  and  generation  were  obtained  from 
the  Federal  Energy  Regulatory  Commission  (FERC)  for  the  Mid-Continent  Area 
Reliability  Coordination  Agreement  (MARCA)  area. 

The  Yellowtail  Afterbay  Dam  Powerplant  will  primarily  provide  firm  and 
secondary  energy.     In  view  of  this,  benefit  values  were  based  on  a  baseload 
coal-fired  alternative.     A  list  of  benefit  values  is  shown  in  appended 
Table  A-8.     The  value  used  in  this  analysis  was  the  adjusted  composite 
kilowatt-hour  value  for  a  coal-fired  baseload  powerplant  with  a  50  percent 
plant  factor.     The  adjusted  value  includes  a  10  percent  credit  to  the 
hydrocapacity  value  and  a  15  percent  credit  to  the  energy  value  to 
recognize  real  fuel  cost  escalation.     The  capacity  value  credit  is  in  con- 
currence with  present  Water  Resources  Council  (WRC)  guidelines  and  recognizes 
the  higher  degree  of  reliability  associated  with  hydroplants.     The  values 
were  indexed  to  January  1980  price  levels  based  on  the  Bureau  composite 
cost  index. 

Two  alternatives  (overhead  and  underground  transmission  lines)  and  five 
plant  sizes  were  analyzed.     The  five  plant  sizes  analyzed  ranged  from  8.0-MW 
to  12.0-MW.     This  economic  analysis  is  shown  in  Tables  5  and  6. 

Plant  Size  Selection 

The  overhead  transmission  lines  cost  less  than  underground  transmission 
lines.     (See  Tables  5  and  6.)     However,  the  policy  of  the  Upper  Missouri 
Region  is  to  bury  all  new  or  replacement  lines  within  reservoir  areas. 

Therefore,  overhead  transmission  lines  were  nfct  considered  further  in 
this  analysis. 
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The  8.0-MW  powerplant  returns  the  maximum  net  benefits  (see  Table  6)  of 
$286,000  annually.     Because  the  additional  power  generated  by  the  8.0-MW 
plant  would  generally  occur  during  peak  periods  of  demand,  a  system  approach 
for  evaluating  the  additional  capacity  in  the  Federal  system  could  show 
that  a  larger  plant  is  more  efficient  than  the  8.0-MW  plants.  Detailed 
engineering,  economic,  and  marketing  analyses  at  the  feasibility  level 
can  best  determine  the  most  viable  powerplant  size.    Additional  study 
should  also  be  made  to  determine  if  a  two-unit  plant  is  justified.  The 
remainder  of  this  report  will  be  limited  to  discussing  the  financial, 
environmental,  and  social  aspects  of  the  8-MW  powerplant  with  underground 
transmission  lines. 

Financial  Analysis 

Project  investment  would  be  totally  repaid  by  revenues  collected  from 
power  users.    The  present  interest  rate  applicable  to  repayment  of  power 
investment  is  8  percent;  and  therefore,  for  the  purpose  of  calculating 
repayment,  all  costs  are  adjusted  from  the  7-1/8  percent  rate  at  100  years 
used  in  the  economic  evaluation  to  8  percent  at  50  years  (See  Table  7) . 

The  total  annual  power  repayment  for  the  8.0-MW  plant  is  $1,926,000, 
based  on  a  50-year  amortization  of  total  project  investment  at  8  percent 
and  annual  OM&R  costs.     The  cost  per  kilowatt-hour  amounts  to 
35.0  mills. 

The  power  rates  associated  with  the  proposed  hydroelectric  developments  on 
an  individual  basis  are  considerably  higher  than  the  present  Pick-Sloan 
Missouri  Basin  Program  firm  and  peaking  power  rates.    However,  these  rates 
are  competitive  when  compared  to  private  utility  rates  for  thermal  plant 
construction  in  the  Upper  Missouri  Region.    A  hydroproject  whose  initial 
cost  is  competitive  with  a  thermal  alternate  would  be  a  more  reliable  and 
economically  stable  power  source  for  preference  customers  than  a  coal-fired 
or  nuclear  plant,     This  is  particularly  true  in  light  of  expected  future 
increases  in  energy  costs.     Since  customers  must  construct  their  own  thermal 
plants  to  meet  increased  loads,  the  power  from  any  hydrodevelopment  at  this 
time  would  be  highly  desirable. 
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Table  7 


FINANCIAL  ANALYSIS 
YELLOWTAIL  AFTERBAY  POWERPLANT 
UNDERGROUND  TRANSMISSION 


8-MW 

Project  Investment 

Construction  Cost  $19,000,000 

Interest  During  Construction  2,728,000 

Total  Investment  $21,728,000 

Annual  Equivalent  Costs 

Project  Investment  $  1,776,000 

OM&R  150,000 

Total  Annual  Costs  $  1,926,000 

Generation  (kWh)  55,000,000 

Cost  per  kWh  35.0  mills 
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The  proposed  additional  powerplant  would  be  integrated  into  the  Eastern 
Division  of  the  Pick-Sloan  Missouri  Basin  Program  (P-SMBP) .     The  repayment 
rate  of  the  P-SMBP  is  reevaluated  every  year  and  adjusted,  based  on  the 
remaining  balance  to  be  repaid  and  current  OM&R  costs.    The  integration 
of  the  proposed  powerplant  within  the  network  of  total  installed  capacity 
of  the  P-SMBP  is  expected  to  have  a  minimal  effect  on  the  average  repayment 
rate  of  users  in  the  system. 

Tests  of  Responsiveness 

The  plan  passes  the  four  tests  of  responsiveness: 

Acceptability 

The  plan  has  been  explained  to  Federal  and  State  agencies  and  the  public. 
Most  organizations  are  enthusiastic  about  the  powerplant,  and  none  of  the 
organizations  have  voiced  unfavorable  responses  to  the  plan.  . 

Effectiveness 

Installation  of  a  powerplant  at  Yellowtail  Afterbay  Dam,  an  existing 
structure,  would  provide  power  generation  with  minimal  environmental 
impact . 

The  8.0-MW  powerplant  would  generate  55.0  GWh,  equivalent  to  131  000 
barrels  of  oil  annually,  5.96  x  1011  BTU's,  or  32  870  short  tons  of  western 
coal. 

Efficiency 

The  8.0-MW  plant  has  the  highest  net  benefits  of  $286,000,  a  benefit-cost 
ratio  of  1.2,  and  a  rate  of  return  of  8.3  percent.     Of  the  plant  sizes 
analyzed,  the  12.0-MW  plant  has  the  highest  annual  generation,  59.5  GWh. 

Completeness 

The  plan  accounts  for  all  monetary  investments  necessary  to  realize  plan 
implementation . 
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Four  Account  Analysis 


The  National  Economic  Development  (NED),  Regional  Development  (RD) , 
Environmental  Quality  (EQ) ,  and  Social  Weil-Being  (SWB)  Accounts  follow 
for  the  8,0-MW  powerplant. 
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SOCIAL  WELL-BEING  ACCOUNT 
Yellowtail  Afterbay  Powerplant 


Beneficial  Effects 

Employment:     The  impacts  associated  with  the  project  are  estimated  to 
be  minor,  occurring  only  during  the  4-year  construction  period. 
Approximately  40  percent  of  the  construction  work  would  be  done 
during  the  third  year.     During  this  peak  period  the  total  on-site 
employment  is  estimated  to  be  80.     Assuming  half  of  these  employees 
would  come  from  inside  the  county  or  commute  from  Billings,  the 
total  population  increase  is  estimated  to  be  90. 

Adverse  Effects 

Housing:     Some  possible  adverse  impacts  could  be  felt  on  Fort  Smith 
(population  125)  if  a  large  percentage  of  the  nonlocal  employees 
moved  into  the  town  during  the  peak  construction  period.  However, 
with  Billings  (population  61  581)  located  144  kilometers  (90  miles) 
away  and  Hardin  (population  2717)  located  80  kilometers  (50  miles) 
away,  this  is  not  expected  to  occur. 
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ENVIRONMENTAL  QUALITY  ACCOUNT 
Yellowtail  Afterbay  Powerplant 


Beneficial  Effects 


Areas  of  Natural  Beauty:  None 


Biological,  Geological,  and  Ecological  Elements:     Experts  from  the 
Environmental  Protection  Agency,  U.S.  Fish  and  Wildlife  Service, 
U.S.  Corps  of  Engineers,  and  National  Marine  Fisheries  Service,  con- 
sulted by  the  Bureau  in  1979,  stated  that  installing  a  turbine 
in  the  afterbay  dam  should  relieve  a  nitrogen  supersaturation 
problem  which  has  periodically  killed  some  fish  and  adversely 
affected  others . / 6/ 


The  areas  of  excavation  are  barren-cobblestone  shorelines;  there- 
fore, no  riparian  habitat  will  be  disturbed. 

Water  Quality:     Turbine  installation  will  reduce  nitrogen  saturation  problems. 

Archeological,  Historical,  and  Cultural  Elements:     The  Bureau  of 
Reclamation's  Regional  Archeologist  located  no  cultural 
resources  in  the  abutment  area,  and  a  Class  I  survey  revealed  that  no 
sites  listed  by  National  Register  of  Historic  Places  (March  18,  1980, 
Federal  Register)  will  be  affected.     A  field  survey  will  be  required 
of  the  transmission  line  right-of-way. 

Adverse  Effects 

Areas  of  Natural  Beauty:     The  proposed  transmission  line  would  connect 

the  plant  with  the  Federal  switchyard  on  the  east  rim  above  Yellowtail 
Dam.     A  construction  scar  would  be  visible  where  the  proposed  buried 
line  would  ascend  the  mountain. 

Biological,  Geological,  and  Ecological  Elements:     The  principal  wildlife 
use  of  the  area  is  by  waterfowl.     Mallards  congregate  on  the  afterbay 
and  on  the  Bighorn  River  during  fall  and  winter.     If  the  powerline 
was  constructed  overhead  rather  than  buried,  the  probability  for 
bird-transmission  line  collisions  would  increase.     No  other  impacts 
on  wildlife  are  expected. 

The  proposed  line  would  traverse  mostly  grassland  with  a  band  of 
deciduous  trees  about  90  yards  (100  yards)  wide  near  the  afterbay 
shore  and  low  brush  on  the  mountains. 

An  alternative  route  is  to  connect  to  the  Pacific  Power  and  Light 
switchyard.     This  line  would  traverse  sparse  vegetation  consisting 
of  grasses,   forbs,  and  a  few  shrubs.     The  route  was  disturbed  during 
construction  of  Yellowtail  Dam  and  adequate  revegetation  has  occurred. 
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Water  Quality:    Water  quality  would  temporarily  show  an  increase  in 
turbidity  and  suspended  sediment. 

Air  Quality:     During  construction,  dust  and  hydrocarbons  would 
temporarily  increase. 

Recreation:     The  present  afterbay  structure  allows  for  the  free  move- 
ment of  east-west  traffic  by  recreationists  and  ranchers.     This  traffic 
will  be  disrupted  for  the  construction  period.     The  closest  alterna- 
tive public  access  to  the  west  side  of  the  Bighorn  River  and 
afterbay  is  about  19  kilometers  (12  miles)  downstream  at  St.  Xavier. 

A  temporary  crossing  could  be  arranged,  however,  some  inconvenience 
is  unavoidable. 
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JUSTIFICATION  FOR  FEDERAL  DEVELOPMENT 


Both  the  Bureau  of  Reclamation  and  private  entities  are  interested  in 
developing  the  hydropower  potential  at  the  Yellowtail  Afterbay  Dam.  On 
December  3,  1980,  the  Bureau  issued  six  criteria  for  determining  whether 
hydropower  should  be  developed  by  a  Federal  or  a  non-Federal  entity. 
Based  on  these  criteria,  construction  of  a  Federal  powerplant  at  Yellowtail 
Afterbay  is  justified  for  the  following  reasons: 

1.  Safety  considerations  require  Federal  development  to  guarantee  the 
safety  of  existing  facilities. 

The  existing  afterbay  dam  does  not  have  a  power  outlet  installed  or  an 
outlet  conduit  that  could  be  modified  to  adapt  it  for  power  purposes. 
Installation  of  a  powerplant  would  require  excavation  through  the  earthen 
embankment  portion  of  the  dam,  which  could  have  a  serious  adverse  effect 
on  the  structural  integrity  and  safety  of  the  embankment. 

The  existing  outlet  and  spillway  are  capable  of  passing  flows  up  to  those 
experienced  from  a  100-year  flood.     Emergency  procedures  for  passing  flows 
in  excess  of  this  include  controlled  breaching  of  the  embankment  portion  of 
the  dam.     Measures  would  have  to  be  taken  to  assure  that: the  addition 
of  a  powerplant  would  not  adversely  impact  the  capability  of  passing 
these  emergency  flows. 

2.  Overriding  operational  considerations  require  Federal  development 
to  guarantee  that  present  operations  and  proposed  future  operations  will  be 
protected. 

Because  the  afterbay  flam  and  fceservoir  serve  as  a  reregulating  structure 
for  uniform  downstream  releases  to  the  Bighorn  River,  a  powerplant  would 
have  to  be  operated  incidental  to  other  functions.     The  existing  outlet 
and  spillway  gates  would  have  to  be  integrated  with  a  powerplant  and  close 
coordination  with  releases  from  the  existing  250,000-kW  Yellowtail  Powerplant 
would  be  required.     The  afterbay  dam  also  serves  as  the  headworks  for 
Bighorn  Canal  which  delivers  irrigation  water  to  lands  on  the  Crow  Indian 
Reservation.     The  reservoir  elevation  must  be  closely  regulated  during 
the  irrigation  season  to  properly  supply  the  canal. 
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S.    Environmental  considerations  require  Federal  development  to  ensure 
maximum  protection  of  the  environment. 

Present  releases  from  the  afterbay  dam  outlet  works  cause  nitrogen  saturation 
problems,  consequently,  causing  periodic  fish  kills  (see  page  10).  Evaluation 
of  this  problem  by  a  team  of  professionals  (see  page  11)  concluded  that  the 
gas  saturation  problem  would  be  alleviated  by  turbine  installation.  To 
determine  if  their  conclusions  were  correct,  the  gas  saturation  monitoring 
program  will  continue  after  construction. 

4.  When  the  size  of  proposed  project  is  greater  than  5  MW. 

Single-unit  powerplants  ranging  in  size  from  8  to  12  megawatts  were  analyzed 
in  the  appraisal  report. 

5.  There  is  a  need  for  power  for  Federal  purposes  in  the  area  that 
could  most  economically  be  met  by  direct  generation  or  exchange  of  power 
generated  by  the  proposed  hydropower  project. 

The  power  is  marketable  and  could  be  integrated  immediately  into  the  Federal 
system.     This  is  not  necessarily  the  case  with  private  development.  During 
a  water-short  year,  the  generation  capacity  of  Yellowtail  Afterbay  Dam 
would  reduce  the  amount  of  power  purchased  to  meet  existing  commitments. 

6.  When  Federal  project  development  studies  are  authorized  and/or 
funded  by  the  Congress. 

Congressional  authorization  for  a  Federal  powerplant  is  being  pursued. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 

The  following  conclusions  are  based  on  the  results  of  this  study. 

1.  The  8.0-MW  powerplant  returns  maximum  net  benefits. 

2.  The  12.0-MW  powerplant  provides  highest  annual  generation  of 
59.5  GWH  for  a  fuel  savings  equivalent  to  141  000  barrels  of 
oil  annually. 

3.  Yellowtail  Afterbay  Powerplant  would  pose  no  serious  adverse 
long-term  environmental  problems. 

4.  Yellowtail  Afterbay  Powerplant  is  expected  to  relieve  a  nitrogen  super- 
saturation  problem  which  has  been  killing  some  fish  and  adversely 
affecting  others. 

5.  Yellowtail  Afterbay  Powerplant  passes  the  four  tests  of  responsive- 
ness and  warrants  feasibility  study. 

6.  The  potential  for  a  two-unit  plant  should  be  assessed  at  the 
feasibility  level. 

7.  Federal  development  of  the  hydropower  is  justified. 

Recommendat  ions 

Feasibility-level  investigations  are  recommended  for  development  of 
potential  hydroelectric  power  generation  at  Yellowtail  Afterbay  Dam. 
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Table  A-8 


POWER  BENEFIT  VALUES 
MID-CONTINENTAL  AREA  RELIABILITY  COORDINATION  AGREEMENT  (MARCA) 
COAL-FIRED  ALTERNATIVE 

JULY  1979  PRICES  - 


Hydro 
Capacity 
Factor 

% 

Capacity  Value 
$/kW-yr 

Energy  Value 
Mills/kWh 

Equivalent  Total 
Mills/kWh 

50 

91.00 

10 

32. 1 

60 

91.00 

11 

28.2 

70 

91.00 

11 

25.5 

80 

91.00 

11 

23.4 

90 

91.00 

12 

22.8 

100 

91.00 

12 

21.5 

ADJUSTED  VALUES 

JANUARY  1980 

PRICES 

50 

106.00£/ 

11.52/ 

35. 7*/ 

1/  FERC,  April  1980  (July  1979  prices).     Based  on  7-1/8  percent 
Federal  financing. 


2/  Includes  a  10  percent  capacity  value  credit  and  a  5.4  percent 
cost  index  to  January  1980  price  levels. 

3/  Energy  value  was  indexed  by  15  percent  to  allow  for  real  fuel 
cost  escalation.     Derived  from  DOE  projections  for  Region  9 
and  a  1992  on-line  date. 

4/  This  value  35.7  mills  was  used  for  estimating  the  benefits  of 

all  alternatives  since  flows  cannot  be  regulated  to  fully  utilize 
the  additional  capacity  of  the  larger  plants. 


YELLOWTAIL  AFTERBAY 
STANDARD  OPERATING  PROCEDURES 

CHAPTER  III 
RESERVOIR  OPERATIONS 

A.  RESERVOIR  ALLOCATIONS 

With  the  exception  of  a  minimum  level  of  3175.0  during  the  irrigation 

season,  the  total  storage  in  the  afterbay  is  used  to  maintain  constant 

river  discharges  while  "peaking"  the  Yellowtail  Powerplant.     Elevation  3175 

is  the  minimum  level  for  maximum  design  water  discharge  to  the  Bureau  of 

Indian  Affairs  (BIA)  canal  through  the  headworks  in  the  afterbay  dam. 

Usable  afterbay  storage  during  the  nonirrigation  season  is  3,135  acre-feet 

located  between  elevation  3162  and  3192.     During  the  irrigation  season 

2,554  acre-feet  of  usable  storage  space  is  available  between  elevations  3175 

and  3192.     If  large  discharges  are  required,   the  minimum  reservoir  level 

is  further  restricted  to  provide  sufficient  head  for  the  required  river 

3 

discharge.     River  discharges  in  excess  of  4,500  ft  /s  must  be  passed  through 
the  spillway  gates.     This  restricts  the  minimum  afterbay  elevation  to  no 

3 

less  than  3179.3  during  times  when  river  releases  are  greater  than  4,500  ft  /s. 
The  reservoir  area  capacity  drawing  and  tables  are  shown  in  Appendix  A, 
Plates  Al  through  A13.     The  afterbay  sluiceway  discharge  curve  and  overflow 
weir  discharge  curve  are  shown  in  Appendix  A,  Plates  A17  and  A18  respectively. 
Bighorn  River  and  Bighorn  Canal  discharge  rating  curves  are  shown  in  Appendix  A, 
Plate  A14  and  Plates  15  and  16,  respectively. 

B.  INFLOW  DESIGN  FLOOD 

Since  inflows  to  the  afterbay  are  controlled  by  releases  from  Yellowtail  Dam, 

no  Inflow  Design  Flood  was  determined  for  the  afterbay  reservoir.     The  inflow 

3 

design  flood  for  Bighorn  Lake  has  a  peak  inflow  of  126,000  ft  /s  and  a  10-day 


volume  of  1,070,000  acre-feet.     Routing  this  flood  through  the  reservoir, 

assuming  125,000  acre-feet  of  exclusive  flood  pool  filled  and  releases  of 

3 

20,000  ft  /s  when  the  flood  starts,  results  in  a  maximum  discharge  to  the 
3 

afterbay  of  86,000  ft  /s.     Since  the  afterbay  was  designed  with  a  maximum 

3 

discharge  capacity  of  only  20,000  ft  /s,  this  large  inflow  would  result  in 

the  afterbay  being  washed  out.     Emergency  procedures,  which  should  be 

followed  when  flows  are  expected  to  exceed  the  afterbay  discharge  capacity 
3 

of  20,000  ft  Is,  are  described  in  Section  F  of  Chapter  III  under  "Flood 
Operating  Criteria."    The  inflow  design  flood  for  Bighorn  Lake  is  described 
in  the  Standing  Operating  Procedures  for  Yellowtail  Dam. 

C.     WATER  RIGHTS 

The  United  States  has  vested  rights  (use  rights)  in  the  afterbay  to  fill  to 
elevation  3192  (storage  3,141  acre-feet).     The  priority  date  of  this  right 
is  November  1966. 

Releases  from  the  afterbay  are  required  to  satisfy  a  number  of  water  rights 
with  priority  dates  earlier  than  the  United  States  storage  rights  in  the 
afterbay.     The  BIA  canal  located  directly  downstream  from  the  afterbay  dam 
diverts  water  from  the  right  side  of  the  dam  and  has  a  canal  capacity  of 
about  750  ft  Is.     To  satisfy  water  rights  of  the  canal,  a  minimum  afterbay 
elevation  of  3175  is  required,  during  the  canal's  use,  to  provide  sufficient 
head  for  maximum  design  water  discharge  to  the  canal.     The  Campbell  Farming 
Corporation  has  and  maintains  an  irrigation  pumping  plant  located  on  the 
left  bank  of  the  afterbay  reservoir,  approximately  3/4  miles  upstream  of  the 
afterbay  dam.     The  plant  was  in  existence  since  the  inception  of  the  project 
with  water  rights  prior  to  storage  rights  in  the  afterbay.     The  minimum 


reservoir  level  of  3175  required  for  the  BIA  canal  also  provides  a 

sufficient  water  level  for  the  pumping  plant.    A  minimum  discharge  to 
3 

the  river  of  1,400  ft  /s  will  satisfy  all  other  water  users  located  on 
the  Bighorn  River  downstream  of  the  afterbay. 

D.     GENERAL  FILLING  SCHEDULE  AND  RELEASE  PROCEDURES 

1.     Water  Discharge  into  Yellowtail  Afterbay  Reservoir 

a.  Normal  Procedures: 

Water  releases  to  Yellowtail  Afterbay  Reservoir  are  normally 

discharged  through  the  four  hydroelectric  generator  penstocks 

installed  in  Yellowtail  Powerplant,  located  at  the  toe  of 

Yellowtail  Dam.     Daily  water  releases  to  Yellowtail  Afterbay 

Reservoir  are  determined  by  the  generation  schedule  requested 

by  Power  System  Operations  Office,  Department  of  Energy, 

Watertown,  South  Dakota,  and  coordinated  through  USBR  (now 

Water  and  Power  Resources  Service) ,  Upper  Missouri  Region, 

Water  Regulation  Branch,  Billings,  Montana.     Releases  through 

3 

these  generator  penstocks  may  vary  between  0  and  8,000  ft  /s, 
depending  upon  daily  generation  schedules  and  upstream  water 
inflow  forecasts  and  regulation. 

b.  During  High  Water  Periods: 

During  high  water  periods  and  high  forebay  elevation  in 

Yellowtail  Dam,  accompanied  by  high  Bighorn  Reservoir  inflows, 

3 

additional  water  releases  above  the  approximate  8,000  ft  /s  power 
generation  penstock  discharges  can  be  made  through  either  the 
river  outlet  works  or  the  Yellowtail  spillway  tunnel.     The  river 


outlet  works  located  beneath  the  powerplant  parking  area  is 

3 

capable  of  discharging  a  total  of  5,000  ft  /s.    However,  when 

water  discharges  through  the  river  outlet  works  reaches 
3 

4,000  ft  /s  maximum,   they  should  be  switched  over  to  the 
Yellowtail  spillway  tunnel  for  evacuation  into  the  afterbay 
reservoir.     This  is  necessary  due  to  the  possibility  of  damage 
to  or  washing  out  of  the  access  roadway  to  the  powerplant. 
(See  D.O.C.  Part  1,  Chapter  IV,  Paragraph  27,  page  3,  for 
operation  instruction  of  this  facility.) 

c.     During  Low  Water  Periods: 

In  the  eventuality  the  Bighorn  Reservoir  elevation  should  recede 
below  the  level  of  the  four  penstock  intakes  in  the  face  of  the 
dam,  located  at  elevation  3450.0,  minimum  water  releases  to  the 
afterbay  reservoir  could  be  maintained  through  the  irrigation 
and  evacuation  outlets  (river  outlet  works)  whose  intakes  are 
located  at  elevation  3400.0  and  3300.0  respectively  in  the  upstream 
face  of  Yellowtail  Dam. 

2.     Afterbay  Fluctuations 

a.  During  Irrigation  Season: 

Between  elevations  3175.0  and  3192.0  (2,554  acre-feet). 

b.  During  Nonirrigation  Season: 

Between  elevations  3162.0  and  3192.0  (3,135  acre-feet). 

3 

c.  Any  time  releases  exceed  4,500  ft  Is: 

Between  elevations  3179.5  and  3192.0  (1,988  acre-feet). 


3.  Additional  Limits 

a.  With  spillway  stilling  basin  stoplogs  in  place.     To  prevent 
excessive  back  pressure  on  stoplog  assembly,  MAXIMUM  3190.0. 

b.  With  river  outlet  stoplogs  in  place,  MAXIMUM  3190.0. 

4.  Gates 

a.  The  sluiceway  stilling  basin  was  designed  to  still  discharges 
up  to  4,500  ft3/s.     DO  NOT  EXCEED  THIS  DISCHARGE  WITHOUT  AUTHORITY 
FROM  OPERATION  AND  MAINTENANCE  SUPERVISOR  OF  SUPERINTENDENT, 
YELLOWTAIL  FIELD  BRANCH. 

b.  The  three  sluice  gates  must  be  operated  at  equal  openings  to 
prevent  damage  to  the  stilling  basin. 

c.  The  remotely  operated  radial  gates  Nos.  2  and  4  are  equipped 
with  limit  switches  which  provide  a  maximum  opening  of  3.0  feet 
more  than  openings  of  gates  Nos.  1,  3  and  5. 

5.  Bighorn  River 

The  general  policy  for  revising  releases  from  Yellowtail  Afterbay 
Reservoir  will  be  to  minimize  the  number  of  changes  in  rates  of 
release  and  to  accomplish  each  necessary  change  in  a  manner  to 
minimize  the  effects  on  downstream  water  users  and  landowners. 

Schedule  use  of  afterbay  to  fullest  extent  possible  before 
fluctuating  river  levels. 

Variations  in  criteria  shown  below  due  to  power  emergencies  should 
be  made  only  if  emergency  cannot  reasonably  be  handled  at  other 
powerplants . 


Variations  in  criteria  shown  below  required  for  flood  control  or 
other  purposes  will  be  determined  by  the  Reservoir  Regulation  Branch, 
a.     During  Irrigation  Season 

The  following  changes  can  be  made  at  the  St.  Xavier  River  gage 

without  notice  to  downstream  irrigators: 

Allowable  Change 
River  Discharge  During  72-Hour  Period 

3 

less  than  2,000  ft  Is  +0.30 
2,000  to  3,000  ft3/s  +  0.40 

3,000  to  4,000  ft3/s  +  0.50 

3 

above  4,000  ft  Is  +0.60 

The  above  changes  will  be  acted  upon  immediately  by  the 
Yellowtail  operator,  with  subsequent  notice  to  the  Regional  Office 
by  radio.     Changes  greater  than  those  shown  above  will  be  made 
only  after  allowing  time  for  downstream  notification,  considering 
the  following  factors: 

(1)  The  time  required  for  notification  before  greater 
stage  fluctuations  will  vary  from  2  to  6  hours,  depending 
upon  hour  (time)  of  required  river  change  and  availability 
of  downstream  water  users. 

(2)  Changes  after  4  p.m.  should  be  avoided  because  it  might 
not  allow  the  water  users  sufficient  daylight  hours  to  make 
the  necessary  adjustments. 

(3)  If  may  not  be  possible  to  contact  the  water  users 
except  during  early  morning,  noon,  or  evening  hours. 


Notification  of  pending  change  should  be  made  to  the  Regional  Office 
by  Yellowtail  personnel  at  the  same  time  as  notice  to  water  users. 
Any  request  for  an  emergency  operation  will  be  accepted  as  such  by 
Yellowtail  operators  with  immediate  action  as  requested  by  the 
dispatcher  and  subsequent  notice  to  affected  parties  as  soon  as 
practical. 

Based  on  experience  gained  in  1977,  the  minimum  river  release 

3 

during  the  irrigation  season  should  be  about  1,400  ft  /s.     On  a 

daily  basis  the  varying  powerplant  releases  (as  determined  by 

daily  power  generation  schedules)  must  be  reregulated  to  satisfy 

3 

the  steady  downstream  flow  requirement  of  1,400  ft  /s  plus  the 

requirement  of  the  BIA  canal  diverting  directly  from  the  afterbay, 

3 

usually  about  400  to  500  ft  /s. 

b .     During  Ice-Free  Nonirrigation  Season 

The  following  maximum  changes  can  be  made  at  the  St.  Xavier  River 
gage: 

(1)  Within  any  4-hour  period: 

-  No  more  than  0.5  foot  instantaneous  change  at  the 
beginning  of  period. 

-  FOLLOWED  BY:     No  more  than  .06  foot  in  any  remaining 
1-hour  period 

-  OR:     No  more  than  .07  foot  in  any  remaining  2-hour  period. 

-  OR:     No  more  than  .08  foot  in  any  remaining  3-hour  period. 

(2)  If  necessary,  repeat  above  4-hour  cycle  beginning  at  end 
of  4th  and  8th  hours. 


(3)    No  more  than  2.4  feet  during  any  30-day  period  without 
clearance  from  Reservoir  Regulation  Branch. 

c.     During  Periods  of  Downstream  River  Ice  Cover 

When  ice  cover  is  forming  or  breaking  up,  no  river  fluctuations 

are  permitted  for  any  reason  until  river  ice  conditions  stabilize. 

Under  stable  ice  conditions,  it  may  be  possible  to  very  slowly 

fluctuate  the  river  as  determined  by  the  Reservoir  Regulation  Branch. 

A  maximum  change  of  0.1  foot  per  week  may  be  permitted.     The  minimum 
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nonirrigation  season  release  will  be  1,000  ft  Is  to  protect  the 
river  fishery. 
6.     BIA  Canal 
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a.  The  canal  headworks  is  designed  to  discharge  up  to  750  ft  Is. 
Canal  flows  are  coordinated  with  BIA  requests. 

b.  Due  to  possible  large  daily  fluctuations  in  the  afterbay 
elevation,   the  canal  head  gates  should  normally  be  set  on  "AUTOMATIC" 
control. 

E.     INFLOW  FORECASTING 

Afterbay  inflow  is  controlled  by  scheduled  Yellowtail  Dam  releases.  Releases 
from  Yellowtail  Dam  are  determined  from  forecasted  inflows  to  Bighorn  Lake  and 
lake  operating  levels.     Inflow  forecasts  and  reservoir  release  schedules  are 
prepared  by  the  Reservoir  Regulation  Branch,  UM  Region,  Billings,  Montana. 
Information  on  inflow  forecasting  for  Bighorn  Lake  can  be  found  in  the  Standing 
Operating  Procedures  for  Yellowtail  Dam  and  Bighorn  Reservoir  under  Section  E 
of  Chapter  III.     Hourly  inflow  to  the  afterbay  can  vary  greatly  from  powerplant 
operations  which  are  often  scheduled  to  meet  peak  daily  power  demands.  These 
power  generation  schedules  are  governed  by  the  Power  System  Operations  Office, 
WAPA,  Watertown,  South  Dakota. 


F.     FLOOD  OPERATING  CRITERIA 

High  inflows  into  Yellowtail  Afterbay  Reservoir  are  the  result  of  full 

load  powerplant  releases  plus  river  outlet  and  spillway  releases  from 

Yellowtail  Dam.     During  such  periods  releases  from  the  Afterbay  Dam  are 

made  to  match  releases  from  Yellowtail  Dam.     It  is  possible,  during  extremely 

large  floods  of  rare  occurrence  (100-year  flood  and  greater) ,  for  releases 
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from  Yellowtail  Dam  to  exceed  the  Afterbay  Dam  capacity  of  20,000  ft  /s 
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consisting  of  15,500  ft  /s  through  the  overflow  weir  and  4,500  ft  /s  through 

the  sluiceway.     If  afterbay  discharges  in  excess  of  these  safe  capacities 

appear  imminent,  the  following  steps  should  be  taken: 

1.  Notify  the  Regional  Office  and  E&R  Center  prior  to  the  anticipated 
release  of  excessive  flows. 
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2.  Open  Bighorn  Canal  headworks  to  full  capacity  of  750  ft  /s  and 
spill  excess  flow  back  to  river  through  sand  gates. 

3.  Set  up  monitoring  at  afterbay  headworks  to  observe  the  piers  to 
assess  possible  damage  due  to  excessive  vibration. 

4.  Set  up  schedules  for  periodic  observation  of  eroding  of  the  river 
channel  immediately  downstream,  and  displacement  of  riprap  in  the  weir 
sluiceway  stilling  basin. 

Also  in  the  event  that  inflows  and  releases  from  Yellowtail  Afterbay  exceed 
maximum  release  capacities  from  the  sluiceway  and  weir  gate  headworks  combin- 
ation, breaching  of  the  left  abutment  should  be  considered  to  relieve  pressures 
and  possible  damage  to  the  afterbay  dam. 

Flood  control  regulation  for  Bighorn  Lake  are  explained  in  Chapter  III  under 
Section  F  "Flood  Operating  Criteria"  in  the  Standing  Operating  Procedures  for 
Bighorn  Lake. 


G.  SPECIAL  REPORTING  DURING  FLOOD  OR  HIGH  WATER  CONDITIONS 

See  this  same  section  in  Chapter  III  of  the  Standing  Operating  Procedures 
for  Yellowtail  Dam  and  Bighorn  Reservoir. 

H.  PUBLIC  WARNING  OF  HIGH  RELEASES  OR  FLOODING 

The  damtender  should  notify  local  news  media  including  press,  radio  stations, 
and  TV  stations,  preferably  in  advance,  when  releases  or  natural  flows  are 
expected  to  approach  or  exceed  bankfull  stage.     Bankfull  stage  at  two  down- 
stream locations  on  the  Bighorn  River  are  shown  below: 

20,000  ft3/s  14.2  feet  at  St.  Xavier 

25,000  ft3/s  10.5  feet  at  Bighorn 

Minor  flooding  may  occur  to  some  low  lying  lands  at  much  lesser  flows.  If 
this  is  known  to  occur,  all  known  individuals  who  may  be  affected  by  antici- 
pated large  releases  from  the  afterbay  should  be  notified  as  far  in  advance 
as  possible. 

I.  DRAWDOWN  AND  FILLING  LIMITATIONS  AND  LANDSLIDE  SURVEILLANCE 

There  are  no  known  landslide  areas  in  the  Afterbay  Reservoir.  However,  the 
damtender  has  a  continuing  responsibility  to  be  alert  for  any  land  movement 
during  his  routine  work,  and  to  immediately  report  any  such  movement  to  the 
Regional  Engineer  or  Geologist. 

J.     RECREATION,  FISH  AND  WILDLIFE 

There  are  no  specific  water  surface  levels  in  the  Afterbay  Reservoir  for 

fish,  wildlife  or  recreation.     During  emergency  or  special  operations,  the 
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release  to  the  Bighorn  River  from  the  afterbay  will  be  400  ft  /s  minimum; 
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otherwise,   the  minimum  release  for  fishery  will  be  1,000  ft  /s. 


OPERATING  CRITERIA  FOR  OTHER  FUNCTIONS 
1.     Bureau  of  Indian  Affairs 

Requests  for  irrigation  releases  are  normally  received  from  the  BIA 
office  in  Crow  Agency  whose  phone  number  is  listed  in  the  communications 
directory  at  the  front  of  this  SOP.     A  current  list  of  BIA  personnel 
authorized  to  request  irrigation  releases  is  kept  in  the  powerplant 
control  room. 
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